Background-This study examined whether relocating from a high-poverty neighborhood to a lower poverty neighborhood as part of a federal housing relocation program (HOPE VI; Housing Opportunities for People Everywhere) had effects on adolescent mental and behavioral health compared to adolescents consistently living in lower poverty neighborhoods.
engagement in risk behaviors. The Moving to Opportunity (MTO) study provides most of the knowledge on this topic (Gennetian et al., 2012; Leventhal & Dupere, 2011) . The MTO was a randomized experiment in five U.S. cities in which families living in public housing were offered housing vouchers and assistance to move to lower-poverty neighborhoods. Studies of the long-term effects of MTO on youth outcomes show that girls in the experimental group experienced fewer mental health problems (Kessler et al., 2014) , perhaps related to a reduced fear of sexual victimization (Popkin, Leventhal, & Weismann, 2010) , but there were few effects for youth in general in terms of risky behaviors (Gennetian et al., 2012) . Boys in the MTO study either showed worsening or no change in risk behaviors and mental health outcomes (Clampet-Lundquist, Kling, Edin, & Duncan, 2011; Gennetian et al., 2012; Kessler et al., 2014; . While MTO represents the only U.S. randomized housing relocation study of its kind and had substantial methodological strengths, there were still limitations, including that (a) participation was voluntary, meaning that there were self-selection issues (Leventhal & Brooks-Gunn, 2003) ; and (b) that it was an individual-level intervention (i.e., for families offered housing vouchers) rather than a neighborhood-level intervention (i.e., an entire housing development selected) so generalizations cannot be made about the program at the neighborhood level (Sampson, 2008) . Not every family was offered a housing voucher and not every family that received a voucher chose to move; both of these implications introduced bias into the sample.
In addition to the MTO study, research on housing relocation also comes from studies of the Housing Opportunities for People Everywhere (HOPE VI) federal public housing revitalization program. When a HOPE VI program involves demolition of a subset of public housing along with vouchers for families to relocate to neighborhoods that meet particular standards, it represents a form of "natural experiment." Such natural experiments allow for the evaluation of independent effects of neighborhood characteristics on health outcomes by removing the confound of selection effects (i.e., neighborhood quality is not randomly distributed, but rather related to a number of other individual factors related to health), but such opportunities are very rare and difficult to realize (Leventhal & Brooks-Gunn, 2003 Rosenbaum & Popkin, 1991) . The original intent of the national HOPE VI program was to move families to less disadvantaged neighborhoods and build more sustainable communities, although this objective has often been difficult to achieve (Popkin et al., 2004) . While HOPE VI program implementation and details varied by location, research generally shows that (1) people moved to nearby, lower poverty neighborhoods, (2) the new neighborhoods were generally still disadvantaged, and (3) the new neighborhoods were as racially segregated as their original neighborhoods. Residents reported feeling safer in their new neighborhoods, but still experienced substantial residential instability, loss of social support, limited or no improvement in educational and employment opportunities, and little or modest improvements in adult and youth physical and mental health outcomes (Oakley, Ruel, & Reid, 2013) .
caregivers. The adolescents and caregivers were from predominantly African American, very disadvantaged neighborhoods in Mobile, Alabama. Interviews were conducted with participants who were a subsample recruited from the larger Mobile Youth Study (MYS; see Figure 1 ), a community-based, multiple cohort longitudinal study with annual data collection from 1998-2011, which has been described in detail elsewhere (Bolland, 2007; Park, Lee, Bolland, Vazsonyi, & Sun, 2008) . The purpose of GENI was to study a HOPE VI program in which federal housing funds were used to relocate a group of families living in public housing in a southeastern U.S. city to lower poverty neighborhoods. GENI addresses an important limitation of many housing relocation studies because the link to MYS provided pre-relocation data; therefore, we could determine whether there were substantial differences between the control and treatment groups prior to moving. It also improved upon randomized housing relocation experiments in that all families in this HOPE VI program were required to move. We hypothesized that relocating from a high-poverty neighborhood to a lower poverty neighborhood would have a positive effect on adolescent mental health as well as other risk behaviors.
Methods
Participation in GENI involved an approximately two and a half hour interview for both the adolescent and his/her caregiver. Whenever possible, measures were collected using an audio computerized self-administered interview (ACASI) approach, which removed the need for interviewers to ask sensitive questions, or through interviewer-administered questionnaires for less sensitive measures. Written parental consent and youth assent were obtained. Caregivers and adolescents were compensated for their participation. Procedures for this study were approved by the Institutional Review Boards.
Measures
Study data were from the GENI interviews except for MYS Neighborhood Measures and U.S. Census Data. When MYS data were used, it was only used for participants who were also part of the GENI subsample.
We used the Diagnostic Interview Schedule for Children (C-DISC) version 4.0 to assess Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) diagnoses. The C-DISC is a widely used assessment of psychiatric diagnoses among adolescents and is administered as a computerized, structured interview by trained lay interviewers to the adolescent. We report on symptom counts for Major Depressive Disorder (MDD) (range: 0-20) and Conduct Disorder (CD) (range: 0-19) for the previous 12 month period. The acceptable reliability and validity of the computerized DISC 4.0 and earlier versions has been well-described (Shaffer, Fisher, & Lucas, 2004; Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) .
The Child Behavior Checklist (CBCL) and the Youth Self-Report (YSR) were used to assess symptoms of psychopathology. The CBCL was completed by a parent or caregiver and the YSR by the adolescent. The internalizing scale (range: CBCL 0-46, YSR 0-40) is the sum of scores from the anxious/depressed, withdrawn/depressed, and somatic/complaints syndrome scales, while the externalizing scale (range: CBCL 0-63, YSR 0-59) is the sum of the rule-breaking behavior and aggressive behavior syndromes. The CBCL and YSR are reliable and valid (Achenbach & Rescorla, 2001 ) and have been used in many diverse samples. We present results for the internalizing and externalizing scales.
The HIV-Risk Assessment for Sexual Partnerships (H-RASP) is a computerized selfadministered interview designed to assess sexual behavior and associated situational and contextual variables at the level of the sexual partnership (i.e., partner-by-partner) (Mustanski, Starks, & Newcomb, 2013) . The H-RASP was used to assess sexual risk-taking, including number of partners, condom use, and drinking and substance use before sex.
The AIDS-Risk Behavior Assessment (ARBA) was derived from five well-established measures used in large-scale studies to examine drug use and other risk-taking behaviors in youth (Dowling, Johnson, & Fisher, 1994; IBS, 1991; Needle et al., 1995; NIDA, 1995; Watters, 1994; Weatherby, Needle, & Cesari, 1994) and was used to collect data on alcohol (range: 0-24) and marijuana use (range: 0-7).
Neighborhood Ecology-This measure was adapted from the 14-item Neighborhood Problems scale used in the Chicago Youth Development Study (CYDS) (Gorman-Smith et al., 2000) . Both adolescents and caregivers were asked about their neighborhood and relationships with their neighbors. The Neighborhood Ecology scale includes subscales based on the physical (e.g., "There is too much graffiti in my neighborhood") and social (e.g., "There is too much drug use in my neighborhood") environment. Higher scores indicated worse neighborhood ecology. Reliability for both adolescent report (total: α = .83; physical α = .71; social α = .82) and caregiver report (total: α = .85; physical α = .74; social α = .81) was good.
The Collective Efficacy scales administered to adolescents and caregivers included (1) Informal Social Control (ISC), which had four items for adolescents and five items for caregivers (e.g., "How likely is it that your neighbors would get involved or intervene if children were skipping school and hanging out on a street corner?"); and (2) the five item Social Cohesion and Trust (SCT) scale (e.g., "How strongly do you agree with the statement 'People around here are willing to help their neighbors?') (Morenoff, Sampson, & Raudenbush, 2001; Sampson & Raudenbush, 1997) . Higher scores indicated a lower level of collective efficacy. Reliability was good for the total scale (α =.70 for adolescents, .84 for caregivers) and acceptable for the subscales given the small number of items (ISC: α =.85 for adolescents, .86 for caregivers; SCT: α =.60 for adolescents, .66 for caregivers).
The Exposure to Violence scale included nine questions adapted from the CYDS scale of the same name. Adolescent participants and their caregivers were asked about victimization and witnessing violence, ever or in the last 12 months (e.g., "Have you EVER/In the LAST 12 MONTHS seen anyone get beat up in your neighborhood?") (Gorman-Smith & Tolan, 1998) . Reliability was good for both adolescent (α = .76 for both ever exposed and exposed in last 12 months) and caregiver (α = .71 for ever exposed, α = .65 for exposed in last 12 months) reports. Higher scores indicated a greater exposure to violence.
MYS Neighborhood Measures-These data were collected as part of the MYS. At every time point on the MYS, participants were asked a single item about neighborhood safety ("How much of the time do you feel unsafe in your neighborhood?") with response options "Never", "Sometimes", "Most of the time, but not all the time", and "All the time." Participants were also asked to agree or disagree with a single item about fights in their neighborhood ("It is not possible to avoid fights in my neighborhood"). We assessed attachment to neighborhood and feelings of support in the neighborhood using a mean composite of an 11-item scale with dichotomous items (α = .55) (e.g., "It is hard to make good friends in my neighborhood"). Difference scores were calculated for adolescent GENI participants using their MYS data for neighborhood safety, neighborhood fighting, and feelings about neighborhood using the last pre-move data in 2004 and the first post-move data in 2006. Because these difference scores are based on adolescent's perceptions of their pre and post-move neighborhoods, they were treated as individual level variables rather than aggregated up to the neighborhood level.
U.S. Census Data-Using methods described in a review of how neighborhood affects youth health and well-being (Leventhal & Brooks-Gunn, 2000) , we used 2000 and 2010 U.S. Census data in combination with participant reported addresses to objectively assess neighborhood environment. We formed factor scores based on low socioeconomic status (SES; percentage of unemployed residents, families living below the poverty line, families headed by a single parent, and households receiving public assistance), high SES (percentage of residents with a college degree, residents classified as professional or management, families with income of $75,000 or higher, and median family income), residential stability (percentage of residents in the same home since 1995 and percentage of housing units that are owner occupied) and racial makeup (percentage of African American residents) for each participant based on their location.
Treatment and Control Groups
HOPE VI participants were initially recruited based on neighborhood data reported in the MYS. The control sample was also recruited from MYS from neighborhoods equivalent to those that were part of HOPE VI (see Figure 1) . We obtained data for confirming membership in the treatment (HOPE VI) or control groups from several sources: caregiver report of addresses the adolescent(s) lived at since January 2004; records from the Mobile County Public School System (MCPSS); and records from the Mobile Housing Board (MHB). Due to discrepancies between addresses from the caregiver report and addresses used to identify and recruit HOPE VI participants, we used MCPSS and MHB to verify participant addresses. There were 342 eligible participants from the MYS who participated in HOPE VI and 626 MYS participants from equivalently high poverty neighborhoods, of which we recruited 158 (46.20%) to the treatment condition and 434 (69.33%) to the control condition, respectively. The primary reason eligible participants were not recruited into GENI was because we were unable to locate them (85.67%), followed by participants declining (5.21%), and participant incarcerations at the time of the GENI interview (2.28%). Addresses for the HOPE VI group and control group participants were geocoded, allowing us to link neighborhood of residence with U.S. census tract and block data. Based on U.S. Census data, almost all of the HOPE VI youth relocated to less disadvantaged neighborhoods; however, by national standards, these new neighborhoods were still disadvantaged, just less so than the original HOPE VI neighborhood (Supplmental file 1; Mustanski et al., 2014) .
Comparisons were made between GENI participants and MYS participants who started the MYS at the ages of 12-14 and participated in the MYS for the first time between 2003-2011 (N = 3,370) . There were no significant differences between the GENI sample and the MYS sample on gender, race, free or reduced school lunch, years in neighborhood, absence of mother or father figure, school suspension in the previous year, school expulsion in the previous year, arrest in previous year, thinking about killing self in the past year, attempt to kill self in past year, alcohol consumption in past 30 days, marijuana use in past year, sex in the past 90 days, or whether or not they have ever had sex (results not shown). The GENI sample was found to be older and more likely to come from a single female-headed household compared to the MYS sample (results not shown).
A propensity scoring methodology (D'Agostino, 1998) was used to calculate the likelihood of participants being in the treatment group based on similarities on a series of pre-move demographic variables and risk factors. The resulting propensity scores were entered into our models as a covariate to control for pre-move differences between the HOPE VI and control participants. We used the propensity score as a covariate instead of employing a matching technique in order to use the full sample in our analyses. This technique has been shown to reduce bias in estimated treatment effects (Berk & Newton, 1985; Berk, Newton, & Berk, 1986; Hirano, Imbens, & Ridder, 2003) . The pre-move variables used to calculate the propensity score were: sex, child age, caregiver education level, caregiver marital status, time between move and GENI assessment (for control participants this was time between end of 2004 and GENI assessment), school enrollment, school lunch assistance, sexual risktaking, drug use, conduct problems, and feelings about neighborhood. This analysis confirmed a central premise of our "natural experiment"-that youth in the two groups were similar on all pre-move demographic and risk factors (Supplemental File 1).
The availability and analysis of the pre-relocation census, demographic and risk factor data address the limitation of many housing relocation studies. Pre-relocation data allows for statistical control of between-group pre-relocation differences and within-subject pre-post relocation contrasts, so findings can be attributed to the move and not to other factors.
Statistical Analyses
Hierarchical Linear Modeling (HLM) was used to test associations between neighborhood variables and risk outcomes in order to account for clustering of the data at three levels: person, family, and census tract at the time of the GENI interview. Initial analyses found that total variance between census tracts was small and non-significant for outcome variables and was therefore dropped to make subsequent models more parsimonious (results not shown; see Table 1 for ICCs). The intra-class correlations for outcome measures at the familial level, however, demonstrate the importance of accounting for clustering at that level. We took a step-by-step approach by entering variables in blocks in order to establish the effect of neighborhood relocation (HOPE VI status) and actual or perceived characteristics of the neighborhood that may explain such effects. As our independent variable of primary theoretical interest, block 1 included HOPE VI status along with sex, age and propensity score, which was included to control for any pre-relocation effects that could have confounded our estimation of neighborhood relocation effects. We tested interactions between HOPE VI status and both sex and age but did not include them in the models because, except for the sex and HOPE VI interaction for alcohol use, the interactions were not significant. In block 2, we added additional pre-relocation data, specifically the pre-move census characteristics to examine the effects of controlling for the more disadvantaged status of the HOPE VI neighborhood. To consider the effect of subjective experience of neighborhood characteristics, including neighborhood ecology, collective efficacy, and violence exposure, we included adolescent-reported neighborhood measures from the MYS and GENI interviews as well as caregiver-reported neighborhood measures from GENI in the third model. Research on neighborhoods show that both objective and subjective measures are essential and each explain unique variance and therefore we included them in separate blocks (Dhejne et al., 2011; Sampson & Raudenbush, 1997; Weden, Carpiano, & Robert, 2008; Weich, Twigg, Lewis, & Jones, 2005) .
Results
The demographic characteristics of the sample are provided in Table 2 . Twenty percent of adolescents reported drinking at least once in the previous 12 months and 25.5% reported using marijuana. At the time of the GENI interview, participants lived within 64 different tracts with an average of 6.75 families per tract and an average of 1.36 children per family. Table 3 presents the results of the regression models, which include (1) age, sex, HOPE VI status, and the propensity score; (2) model 1 plus pre-relocation census data; and (3) model 2 plus adolescent and caregiver reported neighborhood measures from MYS and GENI. There were no significant differences based on neighborhood relocation status for alcohol or marijuana use, sexual risk taking, or MDD symptoms in any of the models. There was a significant interaction for HOPE VI status by sex for alcohol use in model 1 only (β= 1.20, p<.05) such that HOPE VI boys had the highest frequency of alcohol use compared to boys in the control group and girls in either condition. Regarding C-DISC CD symptoms, HOPE VI (M=5.37(sd=4.14)) and control group (M=5.29(sd=3.87)) participants had a similar number of mean C-DISC CD symptoms (β= −0.16) although once pre-relocation census data (β= −1.46, p<.05) and neighborhood measures (β= −1.63, p<.01) were included in model 3, the difference became significant. For the YSR internalizing and externalizing scales and the CBCL externalizing scale, the differences based on relocation status became stronger with the addition of pre-move census data while there was little change based on inclusion of the subjective neighborhood measures (e.g., for the YSR internalizing scale, the β changed from −1.54 to −2.87 to −2.71). Adding pre-move census data to the model for the CBCL internalizing scale resulted in the significant difference (β= −1.79, p<.05) between the groups changing to non-significant.
Discussion
The intention of HOPE VI programs was to not only move public housing residents to better housing in safer neighborhoods, but also to improve residents' quality of life (U.S. Senate, 2012) . In our study, adolescents who relocated out of HOPE VI neighborhoods fared worse than control group participants on most self-and caregiver-reported mental health outcomes. In our first model, using only HOPE VI status, sex, age, and the propensity score, we examined whether relocating from the HOPE VI neighborhood affected outcomes. Model 2 accounted for the fact that, using objective census data, the HOPE VI neighborhood was worse than the control group neighborhoods. When we included this pre-relocation census data in our regression model, the negative effects were generally stronger than Model 1; therefore, if all participants were from equally high-poverty neighborhoods, the negative effect would have been even stronger. Including the subjective neighborhood characteristics in the third model did not substantively change the results after adding pre-move census data to the model. Our findings generally suggest that moving from a high-poverty neighborhood to a slightly lower poverty neighborhood does not help adolescents achieve better mental and behavioral health outcomes; we know from previous analysis of this sample that the new neighborhoods, while better than the HOPE VI neighborhood, still had high rates of poverty (Mustanski et al., 2014;  and Supplemental file 1). For the HOPE VI participants, the continued effects of having grown up in a high-poverty neighborhood (Sampson, 2008) , the small improvements in their new neighborhoods, and/or the stress of moving (Hutton, Roberts, Walker, & Zuniga, 1987; Raviv, Keinan, Abazon, & Raviv, 1990) appears to make these youth worse off than the control group participants who consistently lived in the moderately disadvantaged neighborhoods.
Of note is the length of time that adolescents lived in their new neighborhoods. Participants had moved out of their HOPE VI neighborhood at least four years before their GENI interview, a significant amount of time in the context of adolescent development. We controlled for time since moving in the propensity scoring. However, it is possible that four years may not have been a long enough time to see changes in behavior and mental health outcomes, or at least not long enough to overcome the effects of growing up in higher poverty neighborhoods. It would be interesting to examine whether (1) relocation earlier in childhood would have resulted in different outcomes, and (2) longer-term follow up would show different mental health outcomes.
All housing relocation studies face the challenges of selection bias and finding families years after relocation, and GENI is no different. Our study also faced the limitations of "natural" experiments in that the research team did not control randomization and there may have been extraneous variables which impacted the results (Dunning, 2007) . However, our analyses helped address these limitations by using pre-relocation data and propensity scores. A study limitation that was difficult to address is that while we included the time between the treatment group move and the GENI interview in the propensity score methodology, we do not have precise data on how long participants lived in various neighborhoods throughout their lives. The MTO analyses showed some changes in findings over time and perhaps we would see changes if we were to re-interview GENI participants at later dates.
Of note, the HOPE VI efforts in Mobile were complicated by the fact that the final relocation date (August 2005) coincided with the arrival of Hurricane Katrina, which strained the housing market due to hurricane-related damage as well as from people moving into Mobile from other cities that had even greater damage. As a result, many of the HOPE VI families moved to other public housing developments rather than private sector housing. Even so, these other public housing developments differ from one another on such factors as population density and rates of criminal and youth risk behaviors.
Because the self-reported MYS and GENI neighborhood data also do not explain the HOPE VI effect, further research is needed to understand why HOPE VI adolescents were exhibiting worse mental health outcomes. For example, the age at which the move occurred , family dynamics, changes in social support networks, the mental and physical health of parents/caregivers, and the quality and availability of mental health services in the community (Xue, Leventhal, Brooks-Gunn, & Earls, 2005) may have impacted the mental health outcomes of adolescents in our study. Future studies could include these factors to determine their importance.
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